Constipation, a complaint conceptually regarded as disordered movement of stool through the large intestine, afflicts many people in the Western countries [1, 2] 
. One study found a direct association between stimulant laxative use and anatomic changes in the colon [7] while two clinical trials did not support the hypothesis that anthraquinone containing laxatives are able to provoke relevant degenerative changes in the colonic nerve tissue [8, 9] . van Gorkom and colleagues reported three clinical studies showing increased cell proliferation in colonic tissue of patients treated with a single high dose of sennosides [10] [11] [12] . Most epidemiological studies failed to find any association between anthranoid laxative use and colorectal cancer [13] [14] [15] [16] [17] , although a prospective study showed an increased cell proliferation (interpreted as higher risk for developing colorectal cancer) in patients using anthranoid laxatives [18] . Finally, two single case reports identified an increased cell proliferation in patients using anthranoid laxatives [19, 20] . Similar 
conflicting data have been reported on preclinical studies. As a consequence of these data in 1995, the German Federal Institute for Drugs and Medical Devices revised the product information of all medicinal products containing anthranoids and in 1998 the Food and Drug Administration (FDA) classified the stimulant laxatives (including senna) from category I (generally recognized as safe and effective) to category III (further testing is required). In 2002, the FDA re-classified senna, but not aloe and cascara, to category I. Although there is no conclusive clinical evidence that senna is dangerous, there are still doubts and unresolved questions on the safety of this drug and its components. On this basis, physicians often underuse anthraquinones laxatives and are more willing to use far more expensive drugs that have a much shorter track record concerning potential long-term consequences to the constipated patient.
Therefore, the aim of this study was to investigate the potential damaging effects of the active anthranoid metabolite of senna, rhein, on a human colon adenocarcinoma cell line, Caco-2.
The cytotoxicity of rhein on proliferating and differentiating cells has been evaluated as well as its effects on cell proliferation, genotoxicity and epithelial integrity, all of which are thought to be associated with colorectal carcinogenesis. 
Materials and methods

Chemicals
Preparation of cytosolic fractions and Western blot analysis
Caco-2 cytosolic extracts were prepared as previously described [24] . Briefly, after rhein (0. 
Antioxidant assay TBARs assay
Lipid peroxidation products from Caco-2 cells were measured by the thiobarbituric acid colorimetric assay [26] . 
Intracellular reactive oxygen species (ROS) measurement
The generation of intracellular ROS was estimated using the fluorescence probe 2',7'-dichlorfluorescein-diacetate (H2DCF-DA) [27] . (Fig. 1A) . (Fig. 1B) where no increase in fluorescein flow from the apical to the basolateral compartment of the Caco-2 monolayer occurred. (Fig. 2) . By contrast, rhein at the higher concentration (10 g/ml) significantly (P Ͻ 0.001) increased Caco-2 cells proliferation (Fig. 2) (Fig. 3) . By contrast, rhein at the higher concentration (10 g/ml) significantly (P Ͻ 0.001) increased pERK1 and pERK2 expression, resulting in MAP kinase activation (Fig. 3) . (Fig. 4) . (2 mM) produced a significant (P Ͻ 0.0001) increase in ROS formation (Fig. 6) . A pre-treatment for 24 hrs with rhein (10 g/ml) reduced significantly (P Ͻ 0.05) the ROS formation as measured by the inhibition of DCF fluorescence intensity (Fig. 6) . Consistent with the results obtained in the MDA assay, rhein at the concentrations of 0.1 and 1 g/ml was not active (Fig. 6) .
Results
MTT and NR assay
As expected, the incubation of differentiated Caco-2 cells with DCA (250 M), resulted in a marked decrease in TEER value (~30%; P Ͻ 0.001), reflecting disruption of enterocytes tight junctions (Fig. 1). The absence of detrimental effects of rhein on tight junction integrity as assessed by TEER, was confirmed by the fluorescein flow assay
H-Thymidine incorporation
Genotoxicity assay
MDA and intracellular ROS measurement
Discussion
Gastrointestinal tract mucosa shows a rapid cell turnover rate determined by cell proliferation and cell loss (apoptosis) processes [29] . The integrity of the epithelial cell layer is maintained by intercellular junctional complexes composed of tight [30] . Furthermore, in the latter phases of carcinogenesis, the disruption of cell-cell junctions with concomitant changes in the junctional proteins expression represents a hallmark of cancer cell invasion and metastasis [31] . [32, 33] , genotoxicity [34, 35] and cell proliferation [36] .
Although there are conflicting data, it has been suggested that the mechanism of the laxative effect of anthranoids is strictly correlated to cell damage. Anthranoids laxatives have been proposed to increase: (i ) the number of macrophages in the connective tissue of the colonic mucosa, (ii ) the intensity of lysosomal activity and (iii ) the number of lysosomes in macrophages, Schwann cells and neurones of the sub-mucosal plexus of the colonic mucosa [37, 38] [41, 42] whereas other authors showed a stimulatory effect [40] , and an inhibitory effect [43] 
